Oxalic acid was isolated from media that had supported growth of authentic oxalic acid to wounded bean leaves caused lesions similar to those Cristulariellapyramidalis. Oxalic acid was produced at all stages of growth observed in C. pyramidalis-infected plants. and in all media that supported growth. Application of either isolated or Few papers dealing with the leaf-spotting pathogen, sodium citrate or sodium phosphate. Cristulariella pyramidalis Waterman and Marshall, were published
MATERIALS AND METHODS
melting point of 10 1-104 C, which agrees with the reported melting Oxalic acid isolation and identification. C. pyramidalis was point of 101-102 C for oxalic acid dihydrate (10). The nuclear grown in liquid media as previously described (6). The cultures were magnetic resonance spectrum in D 2 0 had a single peak filtered 10 days after inoculation and were neutralized with corresponding to that of water. This indicates that all of the NH 4 OH. A saturated solution of CaC12 was added to the filtrates hydrogens of the toxic substance are exchangeable. The infrared (10 ml/800 ml of filtrate), which were incubated for 24 hr at room spectra of the purified chemical and oxalic acid dihydrate were temperature. The resulting precipitate was collected by identical. The mass spectrum of a dried sample of the purified centrifugation, washed with water, and dissolved in 2 N HC1. This chemical gave a molecular ion peak m/e 90, which would be solution was passed through a 2.5 X 30-cm column of AG 50W-X1 expected from anhydrous oxalic acid. in the H+ form and eluted with water. The eluant was concentrated Necrosis was obtained when 10 ,0 of purified isolated oxalic acid by flash evaporation at 45 C until crystallization was evident. The at a concentration of at least 0.01 M was applied to detached concentrated solution was kept at room temperature for 1-2 hr and wounded bean leaves. However, no necrosis was obtained with then at 5 C for several hours. Crystals formed and were collected by isolated or commercial oxalic acid adjusted to pH 5-7 with dilute filtration. The filtrate was further concentrated and a second batch NaOH. of crystals was similarly obtained. The crystals were combined, airTime study. A study of growth, pH, oxalic acid production, and dried, washed with benzene, and stored at 5 C. sugar utilization was conducted over a 14-day period (Fig. 1) . The melting point of the purified chemical was determined and it Oxalic acid production nearly paralleled growth. However, the was analyzed by infrared, nuclear magnetic resonance, and mass growth curve peaked on day 8 whereas the oxalic acid spectrometry.
accumulation was maximal on day 9. This corresponded to the The purified chemical was dissolved in distilled water and 10-Ad minimum pH. The concentration of oxalic acid then rapidly aliquots of various dilutions were applied to wounded pinto bean decreased for 1 day and thereafter continued to decrease at a slower leaves as described (6). Some of the solutions were neutralized to rate. In contrast, the pH of the solution inceased from day 9 to 10 pH 5-7 before application. The leaves were examined for necrosis and then remained almost constant. Substantial amounts of after 24 hr. reducing sugar still were present when growth and oxalic acid Studies on growth and oxalic acid accumulation. C. pyramidalis production ceased. was grown for 6 or 8 days in 250-ml Erlenmyer flasks containing 40
Effect of pH. C. pyramidalis growth and oxalic acid production ml of unbuffered liquid medium (pH 5.7) (6). The flasks were both depended on the initial pH in buffered media (Table 1) . inoculated with 0.25-cm 2 plugs from the leading edge of 8-day-old Growth was positively correlated with oxalic acid production in all mycelium. In some experiments, glucose and fructose in the cases. No growth occurred in 0.05 M citrate at pH 5.8 or 6.7 and it medium were replaced with equivalent amounts of other carbon was only slight at pH 5.0 and 2.5. In 0.05 M phosphate, growth was sources to maintain a constant total amount of carbon in the media, significant at pH 3 but was slight at pH 6. The most rapid growth When the effect of pH was studied, the media were buffered with was at pH 3.4 and 4.2 in 0.05 M citrate and at pH 4.5 in 0.05 M phosphate. This growth was significantly greater than that in the unbuffered medium (Fig. 1) , Growth 
PHYTOPATHOLOGY
Effect of carbon sources. Various carbohydrates, alcohols, and and oxalic acid accumulated in all media that permitted growth organic acids were used as carbon sources, and dry mycelial weights (Table 1 and 2). and oxalic acid levels were measured after 6 or 8 days of growth.
The oxalic acid level decreased slightly after the maximum Table 2 summarizes the data of the carbon-source experiments accumulation (Fig. 1) the hydrogen ion concentration. C. pyramidalis synthesized oxalic Fig. 1 . Growth of Cristulariella pyramidalis and pH, oxalic acid, and acid at all stages of growth (Fig. 1) . Furthermore, the maximum reducing sugars in a glucose-fructose medium supporting this fungus over a rates of growth and oxalic acid production were correlated ( Fig. 1) period of time. 5. KURIAN, P., and D. A. STELZIG. 1977. Identification of The optimal pH for growth and oxalic acid production by C. oxalic acid as the toxin produced by Cristulariella pyramidalis. pyramidalis was within the range of 3.4-4.5 ( 
